A multi-threshold level set model for image segmentations is presented in the paper. The multi-threshold level set formulation uses a speed function for stopping the locations of the active contours. The speed function with multiple thresholds is designed for detecting boundaries of multiple regions of interest (ROI) in images. These thresholds can be automatically obtained by Fuzzy C-means method. The experimental results show that the proposed method is able to capture boundaries of multiple regions of interest.
Introduction
Image segmentation has been widely deployed for defense and security applications such as small target detection and tracking, vehicle navigation, and automatic/aided target recognition. The most important image processing technique for target detection is image segmentation. The purpose of the image segmentation is to detect the region of interest in an image. Multi-Threshold Level Set Model for image segmentation is an image segmentation approach that can be used in defense and security applications. The image segmentation method can automatically detect the target of interest to reduce the workload of human analysts. Segmentation is a technology to extract the regions of interest, in order to find the shapes of objects in images. Deformable models in mechanics describe the deformation of elastic structures under external loads and constraints. Since 1986, deformable models have been applied for image matching in computer vision and computer graphics [1] [2] [3] [4] [5] . Image segmentations are developed to extract pixels in regions of objects or their contours. The Active Contour Model (ACM) was first proposed by Kass et al. [6] in 1988 and it is widely used and discussed now. The classic ACM is well known as "Snake" because it can capture the contours of objects in the image. To stop the evolving curve on the boundary of the desired object, the GVF active contour model [7] was proposed by modifying the image forces to conquer the drawbacks of active classical contour models. Some papers [8] [9] [10] [11] studied the applications of image segmentation by active contours. The Active Contour Models use calculus of variations to obtain Euler-Lagrange equations by a minimization energy functional for solving image segmentation problems. The numerical solutions of these equations are curves located in images after some iteration. The functional can be classified into two groups. One group is a functional without edge detector and the other group is functional with edge detector. The two most famous functionals are the Mumford-Shah functional [12] and functional of the snake model.
Euler-Lagrange equations of active contours can be parametric or geometric mathematical descriptions. Parametric active contours are explicitly represented as parameterized curves. Sethian et al. [13, 14] in 1988 proposed a level set model that is a geometric active contour model. Instead of evolution of curves, level set model evolutes a higherdimensional function to obtain curves with zero level. Level set models are also widely applied on image matching in computer vision and computer graphics [15] [16] [17] [18] [19] [20] [21] [22] [23] . Active contours of level set model can be split and merged automatically and they are suitable for the segmentation of multiple regions [24] [25] [26] [27] and they can be used for the segmentation of multiple ROIs in images. Threshold level set model [28] was proposed for the image segmentation by defining an interval of the pixel intensities to find ROIs 2 EURASIP Journal on Advances in Signal Processing in images. The governing equations of threshold level set formulation involve a speed function term to drive the active contours. The classic threshold level set method is able to segment the objects with pixel values in only one interval. The paper proposed multi-threshold level set model for segmenting multiple ROIs of objects whose intensities locate in several intervals. Since the intensity information is used to define the intervals that classify several objects of interest, the active contour will propagate and stop by the defined speed function. If the speed function has several intervals separated by multiple thresholds, the level set model is called Multi-Threshold Level Set Model. In Section 2, the threshold level set with multiple approach thresholds is briefly presented. In Section 3, the idea of Fuzzy Cmeans method for the automatic selection of thresholds is described. The experiment results are discussed in Section 4.
Method
Level set models and the speed functions with thresholds are introduced before designing the threshold parameters.
Level Set Models.
A curve Γ(t) can be considered as the zero-level of a function φ( X, t) in a higher-dimensional space [13, 18] . The position vector X is equal to a two-dimensional coordinates x i + y j. Active contour Γ(t) is embedded in an evolving function φ( X, t) and is equal to zero level {φ = 0}.
The evolution equation to solve the evolving function φ( X, t) can be formulated as
where
where a speed function F is designed for edge detection. As shown in Figure 1 , the level set function φ and the evolving curve Γ are shown. If the speed function F in (2) depends on the curvature κ, it can be formulated as follows:
where ε is a constant parameter controlling the degree of smoothness of active contours, I is the image intensity, and curvature κ can be calculated by the following equation:
If the function P(I) approaches to zero, then the active contours will stop on the boundaries where the image gradients are large. The function P(I) can be designed as the following equation:
where ∇ is the gradient operator and G σ * I denotes the image convolved with a Gaussian smoothing filter with characteristic width σ. Thus, the level set equation for segmentation is given by (6) only keeps the points of active contours on the boundaries where the gradients are local optimal. The speed function is improved by Lefohn et al. [28] as follows:
Threshold Level Set Method. The term P(I) in
The constant α is a weight number of curvature κ. The term D(I) is a function of image intensity I as follows:
where upper threshold U and L lower threshold are parameters. In (8) Heaviside function H is used to define the functions Θ 1 (I) and Θ 2 (I) as follows: thresholds U 1 , U 2 . The function D(I) for only two intervals is defined by (11) :
Using the term D(I), the speed function F(I) is formulated in (12): The value of
[ Since the curve of function D(I) of threshold level set model can be designed with more than a single interval, (9), (10) and (11) 
Thresholds for Image Segmentations
Fuzzy C-mean is a clustering method to classify the pixels in an image. Level set method is to find the boundary of Regions of interest (ROI). The initial contour of threshold level set method is not related to the output of Fuzzy Cmean, but the final locations of active contours stopped by level set method are decided by the output of Fuzzy C-mean method. The multi-threshold level set model is able to segment multiple regions with designed intervals. The optimal intervals selected for multiple ROIs are an important issue. To automatically select thresholds for image segmentations, the Fuzzy C-Means (FCM) method is very suitable because the gray values belonging to one object are similar. 
Fuzzy C-Means
Method. Fuzzy C-means clustering (FCM) method proposed by Bezdek [29] is a process of clustering data points to one of the N groups. The cluster method used as image segmentation will group and segment a collection of objects into subsets or clusters, such that those within each cluster are more closely related to one another than objects assigned to different clusters. A cluster is therefore a collection of objects which are similar to each other and are dissimilar to the objects belonging to other clusters. An object can be described by a set of measurements or features. Thus each object can be represented by a unique point x j , 1 ≤ j ≤ M in the M-dimensional feature space. If we want N cluster to be classified, the centers p 1 , . . . , p N for each group C 1 , . . . , C N should be randomly selected initially. Fuzzy C-means clustering method uses an iterative method to update centers continually by the following equation:
where k is one step, u i j is the membership of j th data point at the position x j which belongs to the i th group, and the membership is defined as
where optimal data clustering to minimize the objective function is shown in the following equation:
where r > 1 is a tuning parameter which controls the degree of fuzziness. Minimization of the objective function in (15) , the optimality of fuzzy membership u i j , and centers p j can be obtained. 
Automatic Selection of Thresholds.

Experimental Results
To demonstrate the performance of our new speed function for the level set framework, a series of experiments are shown in Figures 6 and 7 . Figure 6 (a) is a synthetic image that includes five letters A, B, C, D, and E. The order of intensity of letters is A < B < C < D < E. The regions of interest are letter B and letter D. Figure 6 (b) is a segmentation result obtained only by using (6) with ε = 10 −6 . By (6) , it is impossible to select the letters that we want. 
Conclusions and Future Work
In this paper, a speed function for multi-threshold level set model is proposed. The speed functions use thresholds to segment regions of interest. To obtain the thresholds of multiregions of interest automatically, the FCM method is used to select the thresholds obtained from image intensities. The experimental results show that the multi-threshold level set model can capture multiple boundaries of ROIs. In the future, the multi-threshold level set model can be extended from 2D to 3D applications.
